Influenza vaccine-associated anaphylaxis is a very rare allergic reaction to vaccines, but the most concerning and life-threatening adverse reaction. Although the safety of influenza vaccines has been well documented, occasional cases of anaphylaxis in vaccinated patients have been reported. In this study, we analyzed the immunoglobulin E (IgE) response to whole influenza vaccines in a pediatric case of delayed-onset anaphylaxis after influenza vaccination. The patient showed elevated specific IgE levels against whole influenza vaccines, especially with split virion from egg-based manufacturing process. Specific IgE levels to influenza vaccines showed decreased over. We evaluated a causal relationship between influenza vaccine and anaphylaxis event by enzyme-linked immunosorbent assay. Delayedonset anaphylaxis after influenza vaccination can occur in children without predisposing allergic diseases. In addition, the results suggested that formulation and production system of influenza vaccines could affect the probability of severe allergic reaction to vaccines.
INTRODUCTION
Vaccine-associated anaphylaxis is extremely rare, but the most concerning and lifethreatening allergic reaction to vaccines. 1, 2 A typical vaccine-associated anaphylaxis has been known to occur within 30 min after immunization, but delayed-onset anaphylaxis could occur at >4 hours after immunization. 1 A reaction occurring at >4 hours after immunization but affecting 2 or more systems could be defined as anaphylaxis of "possible anaphylactic reaction." 3 However, it is sometimes hard to differentiate anaphylaxis from other adverse reactions and to prove the association between anaphylaxis and vaccines. Therefore, identification of the causal relationship is critical for the diagnosis, management, and prophylaxis in vaccine-associated anaphylaxis. 1, 2, 4 Influenza vaccination is annually recommended for all persons older than 6 months, because formulation of vaccines could be changed by season. 1, 2 To influenza vaccines, anaphylaxis occurs at a rate of 1.35 cases per million doses. 4, 5 Most of these cases included acute-onset symptoms in patients with predisposing allergic diseases. 4, 5 Herein, we present a case of delayed-onset anaphylactic shock caused by immunoglobulin E (IgE) response to a seasonal influenza vaccine in a child without a history of allergic diseases or sensitization.
MATERIALS AND METHODS

A clinical case
A 3-year-old-girl was admitted to our Emergency Department, with facial rashes and edema, periorbital and lip swelling, and abdominal pain. Initial vital signs presented as blood pressure, 82/54 mmHg; pulse rate, 121/min; and respiratory rate 35/min. Generalized skin rashes and itching sensation did not subside after treatment with steroids and antihistamines. Respiratory difficulty and hypotension with tachycardia (blood pressure, 74/40 mmHg; pulse rate, 175/min; and respiratory rate, 45/min) also developed despite adequate intravenous hydration. Under the diagnosis of anaphylactic shock, 6 the patient was treated with intramuscular injection of epinephrine twice, but blood pressure and pulse rate were remained unstable. After central venous catheter insertion and intravenous epinephrine administration, the patient was transferred to the pediatric intensive care unit for intensive monitoring and treatment. On the subsequent day, vital signs became stable without epinephrine administration, she moved to general ward.
She was vaccinated with a seasonal quadrivalent influenza vaccine the previous day. These symptoms were recognized 12 hours after vaccination, and generalized erythema and itching were aggravated. She had no physician-diagnosed allergic diseases, but only had experienced urticaria after trivalent influenza vaccine administration the previous year. Other laboratory findings, including allergy test, were not significant (total serum IgE level, 23.9 kUA/L; egg white-specific level, 0.04; ovalbumin-specific level, 0.02; and ovomucoid-specific IgE level,0.01 kUA/L, respectively; ImmunoCAP ® , Thermo Fisher Scientific, Waltham, MS, USA).
Measurement of specific IgE levels to influenza vaccines
We collected blood samples from the patient on days 1, 3, and 7 after anaphylaxis. The specific IgE levels in response to whole influenza vaccines from different manufacturers were measured by enzyme-linked immunosorbent assay (ELISA). 2 Briefly, plasma specimens diluted with blocking buffer (0.2% skim milk in phosphate-buffered saline containing 0.05% Tween-20) were incubated with antigens from whole influenza vaccines overnight at 4°C. Then, horseradish-peroxidase-conjugated goat anti-human IgE (1:5,000; Abcam, Cambridge, United Kingdom) was added and incubated for 1 hour at room temperature. After the reaction, the absorbance was measured at 450 nm.
The investigated inactivated vaccines are listed in Table, produced from 4 different manufacturers in 2016-2017 season. Two trivalent (vaccine A and E) and 2 quadrivalent influenza vaccines (vaccines B and C) were included. Vaccine A was administered the previous year, and present symptoms occurred after the injection of vaccine B. Vaccine D, produced for 2012-2013 season, was tested for comparison with vaccine E. All vaccines contained ovalbumin at a concentration of ≤ 0.1 µg/mL. They did not contain adjuvant, gelatin, thimerosal, or 2-phenoxyethanol. We did not consider preservatives or stabilizers in the vaccines.
Data were analyzed using Prism v.6.04 software (GraphPad Inc., La Jolla, CA, USA). This study was approved by the Institutional Review Board of Severance Hospital (Seoul, Korea; no. 4-2018-1188) and all procedures were carried out in accordance with the relevant guidelines and regulations.
RESULTS
The specific IgE levels against whole vaccines are described in the Figure. Serum samples from 3 age-matched controls (age, 4.0 ± 0.4 years; total serum IgE level, 23.9 ± 5.1 kUA/L) were compared. The patient showed elevated specific IgE levels against all of tested whole vaccines rather than controls, especially to vaccines with split virion from egg-based manufacturing process (vaccines A-C). The IgE level to subunit virion vaccine produced in embryonated eggs (vaccine D) was lower than that to split virion vaccines, but the IgE response to vaccine E with subunit virion through cell culture-based manufacturing process was the lowest (Figure A) showed higher IgE responses at 7 days after anaphylaxis than controls. Only the specific IgE level to vaccine E measured at 7 days after anaphylaxis event in a patient was as low as that of the controls (Figure B) . These results suggested that the patient showed increased IgE responses to influenza vaccines with split virion produced in embryonated eggs rather than with subunit influenza virus vaccine produced in the cell culture systems.
DISCUSSION
Vaccines contain numerous components that cause allergic reactions. 2, 5 In relation to influenza vaccines, vaccine-associated anaphylaxis has been a concern in egg allergy patients because of classic vaccine production process using embryonated chicken eggs. Egg-based production could increase the chance of egg-adapted changes in viruses. 2, 7 However, the rate of anaphylaxis after influenza vaccination is not greater in recipients with egg allergy than those without. Moreover, egg-free influenza vaccines are known to induce anaphylaxis following vaccination. 2, 8 This might be due to repeated vaccination with influenza hemagglutinin split vaccines, which are reported to induce IgE sensitization against the influenza vaccines, irrespective of the subtypes of influenza viruses. 7, 9 Additionally, in the aspect of viral antigens, split vaccines still contain internal viral proteins despite disruption, which might stimulate CD4 T cells inducing Th2 responses. This might be the reason for undesired allergic responses. 7,10 However, subunit vaccines containing purified and enriched surface antigens of influenza virus could induce humoral responses alone. 7, 9 Overall, split formulation of influenza vaccines has been suggested to prevent the potential risk of IgE sensitization or unnecessary immune reactions.
The cases of vaccine-associated anaphylaxis occurring at > 4 hours after immunization were previously reported, but they were adult patients or children with allergic diseases. 2 We presented a case of delayed-onset anaphylaxis to influenza vaccination in a child without predisposing allergic diseases. Also, we evaluated IgE responses to influenza vaccines according to the manufacturing process and formation of viral antigens. When we investigated IgE responses to several influenza vaccines from different manufacturers, IgE responses were increased in the patient, especially to an egg-based split influenza vaccine. Moreover, she had a history of repeated immunization with egg-based, trivalent inactivated split influenza virus vaccines in the past and a history of urticaria after vaccination the previous year. We supposed that CD4 T cells stimulated by split viral antigens induced unexpected Th2 responses, resulting in mast cell activation, IgE production, and finally anaphylaxis. Moreover, based at lowest specific IgE level, cell-based and subunit influenza virus vaccines might be considered safe in this case.
In this case, the symptoms were found 12 hours after exposure and anaphylaxis was diagnosed 24 hours after immunization. It is difficult to explain the exact mechanism or a specific responsible component of this anaphylactic event. Because of the severity of this event and parental disapproval, reimmunization 1 were not conducted. A very small number of case and no attempt to reimmunization could be limitations to this study. However, based on the ELISA results, we suggest that increased IgE response to influenza vaccine could induce delayed-onset anaphylaxis.
In conclusion, delayed-onset of anaphylaxis may occur following immunization in pediatric patients without predisposing allergic diseases. In addition, the formulation and production system of influenza vaccines could affect the probability of severe allergic reactions to vaccines.
